Everlasting developmental youth is often touted as a unique feature of plants. At the shoot and root apex, populations of stem cells, termed meristems, provide a nearly unlimited supply of undifferentiated cells that later follow various differentiation pathways to produce the organs and tissues constituting the plant body (Weigel and Jürgens, 2002) . Because the rate at which cells are displaced from the meristem equals the rate at which cells are added through division, a pool of cells can be maintained throughout the life of the plant, supplying fuel for adaptive developmental changes.
Both shoot and root meristems contain organizing centers that provide positional cues important for stem cell specification and maintenance. In the root, much work has focused on dissecting the genetic pathways that specify the organizing center of the meristem, termed the quiescent center or QC. Two pathways work together to provide positional information that specifies the QC: the SHORTROOT/SCARECROW pathway provides radial information (Di Laurenzio et al., 1996; Helariutta et al., 2000; Sabatini et al., 2003) , whereas polar transport of the plant hormone auxin focuses PLETHORA1/2 expression at the root apex (Aida et al., 2004) . Overlap between PLETHORA1/2 and SCARECROW expression domains specifies the QC. Surrounding the four QC cells is a single layer of stem cells that divide to produce the various cell lineages that constitute the root. The columella root cap, which protects the meristem and plays an important role in sensing gravity, develops from a single layer of stem cells that lie below the QC. Cells in this layer divide periclinally (in parallel with the surface of the root) to produce, on average, four layers of columella root-cap cells distinguished by the presence of amyloplasts (organelles used in the synthesis and storage of starch; see Figure 1 ).
Laser ablation studies have determined that the QC acts in a cell-nonautonomous manner to regulate stem cell development in the surrounding tissue layer (van den Berg et al., 1997 Both cellular differentiation and stem cell maintenance must occur at the root apex in order to ensure the continuous growth of plant roots. In this issue of Cell, Wildwater et al. (2005) reveal that a canonical Retinoblastoma pathway plays a crucial role in regulating the balance between differentiation and renewal of plant root stem cells. The RETINOBLASTOMA-RELATED (RBR) protein is the Arabidopsis homolog of retinoblastoma (RB) , a cell-cycle regulator first characterized in mammals (Weinberg, 1995) . RB prevents cell division by suppressing the transition from G1 to S phase in the cell cycle through inhibition of the E2F transcription factor. RB activity is itself inhibited by cyclin-dependent kinases (CDKs) that phosphorylate RB, and these CDKs are negatively regulated by the action of CDK inhibitors. These components of the mammalian cell-cycle regulatory pathway have homologs in plants that appear to work in similar ways (Inze, 2005) .
RBR exists as a single-copy gene in the model plant Arabidopsis, and characterization of several loss-of-function alleles demonstrates that it plays important roles in gametophyte development (Ebel et al., 2004) . Because the gametophyte is the progenitor of the gametes in plants, the role of RBR after fertilization has been difficult to study. To circumvent this obstacle, Wildwater et al. (2005) introduced an RNA-interference construct (rRBr) into plants that suppressed RBR transcript accumulation in the root after early embryogenesis. Close inspection of the root apex revealed that several extra cell layers developed in the columella root cap (see Figure 1) . Cells in these extra layers were undifferentiated and did not develop amyloplasts as do mature columella cells. As mentioned before, laser ablation of the QC results in the differentiation of the surrounding stem cells. In wild-type roots, this causes the development of amyloplasts in columella root-cap stem cells. Upon laser ablation of the QC in rRBr roots, all undifferentiated layers of the columella immediately differentiate, indicating that the ectopic layers respond in the same way to QC ablation as do stem cells. Using an in vivo time-lapse recording procedure, Wildwater et al. (2005) tracked the rates of cell division in the proximal cell layers of the columella. In wild-type roots, cell divisions are limited to the columella stem cells. However, in rRBr roots, divisions also occur in the ectopic cell layers. Together, these data suggest that suppression of RBR function causes an increase in the number of stem cells in the root, which is likely due to prolonged maintenance of stem cell identity.
The observation that signaling by the QC is necessary for the maintenance of stem cell identity in the ectopic cell layers of rRBr meristems suggests that genes necessary for QC specification might also be required. Consistent with this hypothesis, loss of PLETHORA1/2 activity completely suppresses ectopic stem cell development in rRBr roots, whereas the scarecrow mutation has a similar but weaker effect. Surprisingly, loss of SCARECROW function enhances the proliferation of stem cells caused by RBR suppression, including stem cell populations that are unaffected by the rRBr construct in a wild-type setting. Furthermore, although scarecrow mutants develop a defective QC that is consumed during root development, introduction of the rBRr construct rescues the QC and maintains meristem development. Consistent with the observed rescue of QC development and the enhancement of stem cell populations, laser ablation of the QC results in the rapid differentiation of ectopic stem cells in scarecrow mutant roots with the rRBr construct. These data indicate that scarecrow defects in QC development are caused by unrestrained RBR activity, which leads to premature differentiation, and that these defects can be rescued by suppressing RBR transcript accumulation. Consistent with this model, overexpression of an inducible form of RBR results in the rapid differentiation of stem cell populations.
Previous work has demonstrated that SCARECROW activity in the QC is necessary for stem cell maintenance, indicating that SCARECROW inhibits RBR activity in the QC itself or acts cell nonautonomously in the stem cells. Wildwater et al. (2005) favor the QC as the site of SCARECROW-dependent RBR suppression. First, using clonal analysis, they demonstrate that cells with reduced levels of RBR can have cell-nonautonomous effects. Furthermore, they find that QC signaling is necessary for the maintenance of stem cells in an RBR-suppressed background. If the QC is necessary to transmit a signal to the surrounding stem cells to suppress RBR, then stem cell maintenance should be rendered QC independent in an rRBr background. In the end, the authors state that QC-and stem cell-specific elimination of RBR function will be necessary to conclusively determine the site of action of RBR regulation. Wildwater et al. (2005) conclude their analysis by examining the role that upstream and downstream components of the RBR pathway have on stem cell maintenance. cyclin D (CycD) promotes cell-cycle progression by suppressing RBR function in plants and mammals and, when overexpressed in the root, results in the accumulation of columella stem cells as observed in rRBr roots. Overexpression of the cyclin-dependentkinase inhibitor KRP2 results in the loss of stem cells similar to that seen with RBR overexpression. Finally, overexpression of the transcription factor E2Fa and its cofactor DPa results in an excess of stem cells, consistent with E2F acting as a positive regulator of cell-cycle progression downstream of RBR. In all cases where ectopic stem cell development was observed, ablation of the QC resulted in their rapid differentiation.
Although RBR is a single-copy gene in Arabidopsis, several genes related to E2F, KRP, and CycD exist in the genome. Thus, it will be important for future studies to identify the specific members of the RBR pathway that control stem cell maintenance and cellular differentiation in the root. It will also be intriguing to determine the actual transcriptional targets of the E2F members that determine "stemness" in plant stem cells. These studies may lead to a rigorous mechanistic understanding of the processes that guide a cell from birth to maturity.
Introns were discovered in eukaryotic genes in 1977 (Sambrook 1977; Gilbert 1978) and are now known to be important for generating diversity in RNA and proteins in animal cells. Analyses of the completely sequenced genomes of vertebrates (such as humans, mice, and fish) and invertebrates (such as the fruit fly and nematode) have shown that the former contain a larger number of introns per gene (5.2-7.9) than the latter (3.1-5.5) (Lynch 2005) . Using completely sequenced animal genomes along with those of plants and fungi, researchers have attempted to discern which of the following two hypotheses is true. The first is the gain-of-introns hypothesis, which states that the genome of the last common ancestor of arthropods (for example, insects) and deuterostomes (for example, vertebrates) was intron poor and then gained introns during the evolution of its vertebrate descendants (Rogozin et al., 2003) . The second is the loss-of-introns hypothesis, which states that the genome was intron-rich and then lost introns in the evolutionary lineage leading to arthropods (Roy and Gilbert 2005) .
To decide which hypothesis is correct would require obtaining many partial or complete genome sequences, especially from invertebrates. However, until recently, the invertebrate genomes used in the computational analyses were primarily from only two phyla-arthropods and nematodesboth of which are intron poor. Moreover, these lineages represent only a fraction of all animal phyla (see Figure 1A) . In a recent paper in Science, Raible et al. (2005) provide a glimpse into the intron composition of the phylum Annelida by sequencing a total of 2.3 megabases of the genome of the segmented worm Platynereis dumerilii and by predicting 30 gene transcripts. These transcripts contain an average of 7.8 introns, very similar to the number seen for homologous genes in humans (8.4 introns per gene), and the highest yet found in any invertebrate (assuming that the remainder of the annelid genome yields a similar number).
Given that both of the two debated hypotheses of animal phylogeny (see Figures 1B and 1C) In a recent paper in Science, Raible et al. (2005) surveyed the position of introns in 30 genes of a marine annelid and showed that over 60% of the introns occupy positions identical to those in human homologs. In contrast, both human and marine annelid genes share only 30% of their introns with other invertebrates. These observations suggest that the common ancestor of most animal phyla had intron-rich genes and reinforce the notion that introns proliferated early in the evolutionary history of eukaryotes.
